We present the results of high-field magnetization and muon-spin relaxation measurements on the coordination polymer CuF2(H2O)2(pyrazine) in pressures up to 22.5 kbar. We observe a transition from a quasi-two-dimensional to a quasi-one-dimensional antiferromagnetic phase at 9.1 kbar, driven by a rotation of the Jahn-Teller axis. Long-range antiferromagnetic ordering is seen in both regimes, as well as a phase separation in the critical pressure region. The magnetic dimensionality switching as pressure is increased is accompanied by a halving of the primary magnetic exchange energy J and a fivefold decrease in the ordering temperature TN. J decreases gradually with pressure in the two-dimensional phase, and then increases in the one-dimensional regime. We relate both effects to the changes in the crystal structure with applied pressure.
We present the results of high-field magnetization and muon-spin relaxation measurements on the coordination polymer CuF2(H2O)2(pyrazine) in pressures up to 22.5 kbar. We observe a transition from a quasi-two-dimensional to a quasi-one-dimensional antiferromagnetic phase at 9.1 kbar, driven by a rotation of the Jahn-Teller axis. Long-range antiferromagnetic ordering is seen in both regimes, as well as a phase separation in the critical pressure region. The magnetic dimensionality switching as pressure is increased is accompanied by a halving of the primary magnetic exchange energy J and a fivefold decrease in the ordering temperature TN. J decreases gradually with pressure in the two-dimensional phase, and then increases in the one-dimensional regime. We relate both effects to the changes in the crystal structure with applied pressure. Pressure plays a central role in the exploration of physical phenomena, for example in metal-insulator transitions [1, 2] and superconductivity [3, 4] . This is because it allows a controlled adjustment of structural parameters, such that their influence on the electronic and magnetic properties can be determined. Pressure can also affect transition-metal co-ordination polymers, which are important candidates for the future development of purpose-engineered magnetic materials [5] . A portion of such polymeric magnets are based on heteroligand Jahn-Teller (JT) [6] active metal centers, where the transition metal ion sits in a position of octahedral symmetry, surrounded by an asymmetric ligand environment. In such systems each trans-coordinated ligand provides an additional degree of freedom on the JT-axis, meaning that small perturbations of the metal-ligand environment can be enough to rotate the JT-axis and radically modify the material properties. Pressure presents an ideal method of systematically achieving such perturbations, due to the relative softness and high compressibility of the organic framework. It has recently been shown that it is possible to select the magnetic dimensionality of polymeric magnets at the synthesis stage [7] . In this Letter we will show that pressure can be used to operate a Jahn-Teller driven magnetic dimensionality switch, between a two dimensional and a one-dimensional antiferromagnetic phase, in the extended Cu-based coordination network CuF 2 (H 2 O) 2 (pyz) (pyz = pyrazine, C 4 H 4 N 2 ). In this compound, hydrogen-bonding interactions, a JT-active metal center, and three different transcoordinated ligands promote significant pressure-induced structural transitions. Together, these features enable pressure-induced perturbation of the magnetic exchange, allowing the modification of the system's magnetic dimensionality and providing the ability to tune the primary exchange energy J. 2 (pyz) has a strongly anisotropic structure, consisting of Cu-pyz-Cu chains along the crystallographic a-axis, with the Cu 2+ metal centers also joined together via a two-dimensional hydrogen-bonding lattice in the bc-plane, as shown in Fig. 1 . The spin-1/2 Cu atom sits at the center of a distorted octahedron, surrounded by trans-pairs of Cu-O, Cu-F and Cu-N ligands. At ambient pressure the elongated JT-axis is oriented along the N-Cu-N bonds, implying that the d x 2 −y 2 orbitals and the directions of largest electronic overlap are directed perpendicular to this axis, and are within the bc-plane. This situation is confirmed by pulsed-field magnetization, electron-spin resonance (ESR), muon-spin relaxation (µ + SR), and neutron scattering measurements [8, 9] , showing that the compound displays highly twodimensional antiferromagnetic behavior (J = 11.5 K, secondary exchange energy J ⊥ ∼ 10 −4 J, long-range ordering temperature T N = 2.6 K), with the primary magnetic exchange mediated via the Cu-OH· · · F-Cu spin exchange paths within the bc-planes. The crucial role of the H· · · F bonds in mediating exchange has also been investigated through selective isotopic H-substitution [10] .
Recent synchrotron x-ray powder diffraction measurements by Halder et al. [11] have revealed that CuF 2 (H 2 O) 2 (pyz) undergoes two structural phase transitions as a function of pressure, accompanied by a rotation of the JT-axis and orbital orientations. With the application of pressure, the elongated JT axis was found to change from the Cu-N to the Cu-O bond direction at P c ≈ 9 kbar. This shift was also detected in single-crystal diffraction experiments, albeit at the higher pressure of 18 kbar [12] . A further pressure induced change to the Cu-F direction was seen by Halder et al. [11] at 31 kbar.
In this paper we report a profound change in the magnetic properties occurring at 9.1 kbar in both singlecrystal and powder samples. Our interpretation of this result is consistent with the rotation of the JT-axis observed by Halder et al. [11] . At this pressure the magnetic structure switches from quasi-two-dimensional (Q2D) to quasi-one-dimensional (Q1D) due to the reorientation of the d x 2 −y 2 orbitals, from lying within the hydrogenbonded bc-plane to the ac-plane -thus significantly decreasing the electronic overlap along the Cu-OH· · · F-Cu bonds, while simultaneously increasing the magnetic orbital overlap along the a-axis [11] . This results in the primary exchange being mediated by pyrazine molecules via the Cu-pyz-Cu chain, therefore allowing Q1D antiferromagnetism to develop. To establish this pressure-induced dimensional switching, as well as to track the evolution of magnetic energies, the behavior of CuF 2 (H 2 O) 2 (pyz) as a function of pressure was explored using high-field magnetization and µ + SR. Single crystal magnetization measurements in fields up to 35 T were performed at NHMFL, USA, using a novel radio-frequency technique that has recently been shown to be an effective method of obtaining magnetic susceptibility, and hence, magnetization [13, 14] . Measurements were performed at 1.4 K, with the applied magnetic field parallel to the Cu-pyz-Cu chain direction. A piston cylinder cell was used to achieve the pressure. The pressure was measured in-situ by using the fluorescence of ruby, which showed good hydrostatic conditions [14] . Two measurements were performed in the low pressure regime (P < P c ), another at the critical pressure P c , and a further three in the high pressure region (P > P c ).
The magnetization, measured across a range of pressures up to 20 kbar, is given in Fig. 2(a) . At ambient pressure the magnetization rises monotonically with a curvature typical of Q2D antiferromagnetic systems [7] , saturating at 28.1 T in agreement with previous measurements [8] . As pressure is applied, we observe a steady reduction in the critical field B c , down to 23.4 T at 9.1 kbar [see Fig. 2(c) ]. Further application of pressure leads to a dramatic drop in B c to 8.3 T, after which any additional pressure serves to gradually increase the saturation field, in contrast to the behavior seen at lower pressures.
The magnetism in CuF 2 (H 2 O) 2 (pyz) can be described by the Heisenberg model
where in a Q2D (Q1D) phase, J and J ⊥ are the magnetic exchange strengths within and normal to the planes (chains), respectively. The first two summations are over the unique ligands through which the exchange coupling takes place, and the last term is the Zeeman splitting term. For a Heisenberg spin-1/2 antiferromagnet (AFM) the form of the magnetization up to saturation strongly reflects the magnetic dimensionality, and Quantum Monte-Carlo simulations have shown that the magnetization becomes strongly concave as the dimensionality is reduced [15] . Indeed, looking at Fig. 2(b) , the magnetization becomes noticeably concave above 9.1 kbar, an indication of the reduction in the magnetic dimensionality. Moreover, looking at the 9.1 kbar data, we discover a noticeable change in the magnetization gradient at a field (7.9 T) close to the critical field of the higher pressure phase. The curvature of the magnetization below this field is similar to that of the higher pressure regime, while the curvature above it is closer to that seen at low pressures [see Fig. 2(a) ]. This implies a degree of phase separation, with coexisting volumes of the sample in the high and low pressure phases.
The fact that both the phase separation and the change in curvature occur at the same pressure as the JT-axis shift [11] leads us to conclude that the dramatic drop in B c above 9.1 kbar is due to the proposed transition from the Q2D to a Q1D antiferromagnetic phase. In a strongly anisotropic system (J ⊥ ≪ J), we can express the saturation field as B c ≈ nJ/gµ B , where n is the number of nearest neighbor exchange ligands of interaction strength J (n = 4 for Q2D, 2 for Q1D), and g is the g-factor [15] . The sudden change in B c can thus be understood as a showing the change in curvature. Also shown is (c) the saturation field Bc, (d) the deduced primary exchange coupling energy J, (e) the ordering temperature TN deduced from the µ + SR data (see Fig. 3 ), and (f) the secondary exchange J ⊥ . To extract J, we have used values of g obtained from ESR measurements [12] . TN at ambient pressure (triangle symbol) is from Ref. [8] .
combination of the change in n from 4 to 2 (i.e. a Q2D to Q1D transition), and a simultaneous change in J.
The extracted values of J are given in Fig. 2(d) . We find J ≈ 11.4 K at ambient pressure, confirming previous pulsed-field measurements [8] . Under application of moderate pressures, J begins to decrease gradually at a rate of 0.21 ± 0.01 K/kbar, eventually reaching 9.5 K at 9.1 kbar. A further increase in pressure leads to a substantial reduction in J, down to 5.5 K, caused by the switching of the main exchange pathways to bonds with weaker effective nearest-neighbor interactions as the system undergoes a change in magnetic dimensionality. Within the high pressure region, any further application of pressure results in a steady increase in J at the rate of 0.1 ± 0.01 K/kbar.
Further support for the dimensionality switch comes from µ + SR measurements which probe the magnetic ordering of a system and allow one to extract T N [16] . Powder sample µ + SR measurements were carried out at the Swiss Muon Source, with detailed temperature scans taken at six different pressures using a piston cylinder cell, which showed good hydrostaticity [14] . Example µ + SR spectra are given in Figs. 3(a-c) . The µ + SR data were fitted to
where ν i are the dominant oscillation frequencies due to long-range magnetic order of the sample, φ i is a constant phase, the exponential terms account for residual magnetic dynamics in the sample, and A b (t) accounts for the background from the pressure cell [14] . The evolution of the fitted oscillation frequencies is given in Figs. 3(d-f) . Within the low-pressure regime, we observe oscillations at three frequencies below a critical temperature, which at approximately 1 kbar is 2.48(1) K. This is in agreement with previous ambient pressure measurements which found oscillations at three frequencies below 2.59(1) K [8] . In this regime, T N is found to decrease with application of pressure [see Fig. 2(e) ].
At 11.2 kbar and above there is no discontinuous change in the µ + SR spectra above 1 K. However, oscillations at a single frequency appear below 630 mK [ Figs.  3(c,f) ], providing evidence for long-range magnetic order in the high pressure regime. T N is found to increase with increasing pressure, in accordance with the behavior of the dominant exchange J, and the change in T N is found to be reversible upon reduction of pressure from 22.5 kbar to 11.2 kbar. Compared to a Q2D system, a Q1D system should be expected to have a much reduced long-range ordering temperature owing to the increased influence of fluctuations in one dimension. Therefore, the large decrease in T N that we observe in the critical pressure region [ Fig. 2(e) ] is consistent with a transition to Q1D magnetic behavior at high pressures. Also note the different temperature dependence of the oscillation frequencies in the Q1D and Q2D phases.
The combination of a substantial change in the µ + SR frequencies and ordering temperature T N , as well as a dramatic reduction in the critical field B c , provides unambiguous evidence and direct confirmation of the proposed phase transition from Q2D to Q1D antiferromagnetism. We emphasize that the critical pressure region of 9.1 kbar is in agreement with the critical pressure of the JT-axis change seen in powder-sample structural measurements [11] . This dimensionality crossover is further supported by an ESR study, which observed reorientation of the magnetic d-orbitals at the pressure-induced JT-axis shift [12] .
Given the values of J and T N , we can estimate the secondary exchange energy J ⊥ by using the empirical relations |J ⊥ | = |J| exp (2.43 − 0.88λ) for the Q2D phase, and |J ⊥ | = 1.073 T N (ln λ + 0.5 ln ln λ) −1/2 for the Q1D phase, where λ = 2.6 J/T N [17] . The calculated values of J ⊥ are shown in Fig. 2(f) . Within the low pressure Q2D phase we find J ⊥ to be of the order of 1 mK. In the Q1D regime, J ⊥ is mediated by the portion of the d x 2 −y 2 orbitals that still lie within the bc-plane, and this leads to a jump in J ⊥ by two orders of magnitude to approximately 0.3 K as we move over to the Q1D phase.
Quantum fluctuations significantly reduce the size of the ordered moment in low-dimensional AFMs. Using a mean-field approximation, we can estimate the zerofield moment of a Q1D AFM from m 0 = 2.034 J ⊥ /J µ B [18] . The value of J ⊥ /J remains approximately constant within the Q1D phase, yielding a value of m 0 = 0.46 ± 0.01 µ B . This compares with 0.5 µ B and 0.072 µ B in the Q1D AFMs KCuF 3 and Sr 2 CuO 3 [18] . We expect nearly the full Cu moment of 1 µ B in the Q2D phase [14] .
The trends in J [ Fig. 2(d) ] can be explained in terms of the effect of pressure on the crystal structure and the magnetic exchange ligands. The decrease seen in J within the Q2D phase is due to the increase in the β-angle between the a and c axes [11] , which leads to a misalignment of Cu-pyz-Cu chains and causes them to begin to slide past each other [19] . This serves to severely disrupt the H· · · F bonded network, decreasing the efficiency of magnetic coupling along the Cu-OH· · · F-Cu exchange pathways and thus reducing J.
The steady increase in J with applied pressure within the Q1D regime is because unlike the soft H· · · F bonded layers, the Cu-N bonds and the pyrazine rings are relatively resilient, and so no major distortions are seen within the Cu-pyz-Cu chain in the Q1D regime [11, 19] . This resiliency, together with the decrease in the chain length with applied pressure [11] , enhances the magnetic d-orbital density overlap along the chain and results in the increase in J.
The µ + SR data provide evidence for phase separation at 10.5 kbar, where a fourth frequency appears at low temperatures and the other three frequencies remain present up to 2.15 K [see Fig. 3(e) ]. The magnitude of the fourth frequency is consistent with those found for the Q1D ordering at 11.2 kbar and above, and the other three frequencies are consistent with those found for the Q2D ordering below 10 kbar. While we can not completely rule out the effects of non-hydrostaticity [20] , these observations in both powder µ + SR and single crystal magnetization measurements, as well as in the separate ESR study [12] , seem to point towards the presence of an intrinsic phase separation in the critical pressure region, reminiscent of the phase separation frequently observed close to some pressure-induced quantum phase transitions [21] .
We observe that in CuF 2 (H 2 O) 2 (pyz), the presence of three different ligands in the Cu-centered octahedra effectively introduced several degrees of freedom in the JTaxis orientation. This has allowed a sequential change in the direction of the JT-axis through structural perturbations, due to the different ligand strengths. It is interesting to compare this material to Cu(NO 3 ) 2 (pyz), which is similarly based on a JT-active Cu atom sitting in a distorted octahedron, but only surrounded by two unique ligands [14] . This system is known to be a Q1D AFM at ambient pressure, with the magnetic orbitals lying within the Cu-pyz-Cu chain direction and the JT-axis along the Cu-O bonds [22] . Unlike CuF 2 (H 2 O) 2 (pyz), no JT-switching or orbital reorientation is seen upon application of pressure (up to 11.6 kbar) in this compound, due to the angle of the O-Cu-O bonds in the octahedra being significantly different from 90
• [14] . Such a mismatch with the symmetry of the d x 2 −y 2 orbitals would considerably increase the energy cost of an orbital reorientation. Furthermore, in CuF 2 (H 2 O) 2 (pyz), the change in JT-axis from Cu-N to Cu-O, to Cu-F, leads to a sequential decrease in the unit cell volume with increasing pressure. In contrast, a rotation of JT distortion axis from Cu-O to Cu-N in Cu(NO 3 ) 2 (pyz) could potentially lead to an increase in the unit cell volume, which is energetically unfavorable.
In summary, we have shown that pressure can be used to induce a Jahn-Teller driven magnetic dimensionality switch in CuF 2 (H 2 O) 2 (pyz), due to a change in the primary magnetic exchange pathways. Thus pressure can be used to take control of the magnetic properties of metal-polymeric systems, giving us the ability to tune the interaction strengths and select the magnetic dimensionality via external perturbation. This work emphasizes the powerful role that pressure can play in exploring new materials and phases, especially in hetero-ligand complexes with active Jahn-Teller centers. 
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